Background: The need for keratinized mucosa (KM) or immobile keratinized mucosa (i.e., attached mucosa [AM]) for the maintenance of osseointegrated endosseous dental implants has been controversial. The purpose of this study was to investigate the significance of KM in the maintenance of root-form dental implants with different surfaces.
A s the number of dental implant procedures and their complexity increase, the maintenance of osseointegrated implants in a state of health with appropriate function and esthetics emerges as a new challenge. In addition to a history of poor oral hygiene and edentulism, structural differences in implants (i.e., lack of cementum and periodontal ligament, less vascular supply and fewer fibroblasts, parallel rather than perpendicular orientation of supracrestal connective tissue, and the subgingival location of crowns) that are different from natural teeth make them more susceptible to the development of inflammation and bone loss when exposed to plaque accumulation or microbial invasion. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] For these reasons, the prevention of biologic seal breakage around implants is one of the goals in implant maintenance.
An adequately keratinized zone of masticatory mucosa for maintaining gingival health is usually defined as ‡2 mm of masticatory gingiva with ‡1 mm of attached gingiva. 13 However, whether lack of an adequately keratinized mucosa (KM) compromises the maintenance of healthy marginal tissues around teeth or dental implants remains controversial. [13] [14] [15] [16] [17] [18] [19] [20] Literature has shown that the presence of KM is more important around restorations and prostheses than natural tooth structures regardless of oral hygiene status. 1, 21, 22 Valderhaug and Birkeland 21 demonstrated that subgingival placement of restorations was associated with a significantly higher rate of gingival inflammation, attachment loss, and gingival recession over 10 years. In addition, there was a significant association between subgingival restorations and gingival inflammation in areas with minimal keratinized gingiva in patients with less than optimal plaque control. 22 Therefore, it can be speculated that an inadequate amount of KM, especially with non-optimal oral hygiene, negatively influences the long-term maintenance of marginal tissues of restored teeth and/or dental implants.
Currently, it is widely accepted that surface properties of implants play a role in the long-term success rates of implants. 23, 24 Although rough surface implants (RI) are shown to osseointegrate better, [25] [26] [27] [28] [29] smooth surface implants (SI) are still the material of choice if soft tissue health is the only concern. It has been shown that higher numbers of fibroblasts were attached to smooth surfaces, 4,30-32 whereas significantly higher numbers of osteoblast-like cells were attached to rough surfaces. 32, 33 In contrast to SI, RIs accumulate and retain more plaque and proinflammatory factors that induce bone resorption. 6, [34] [35] [36] [37] [38] [39] Studies have demonstrated that inflammatory reactions of peri-implant tissues lead to progressive bone loss and, therefore, have a negative effect on the longterm prognosis of implant reconstruction. [40] [41] [42] [43] [44] The current trend is shifting from SI to RI due to higher documented clinical success/survival rates with RI 29 and the numerous studies which indicate that the presence of an adequate zone of KM is considered a key factor for the success of implant maintenance, especially in RI. [45] [46] [47] [48] [49] [50] [51] However, there is limited scientific evidence, if any at all, supporting this indication.
To date, there have been a limited number of studies investigating the relationship between the presence or absence of keratinized tissue and periimplant health in the long-term maintenance of dental implants. Several studies reported mucosal health without any keratinized gingiva. 40, 42, 52, 53 Among the studies, only one retrospective study was devoted to this relationship in humans. In that study, the lack of attached gingiva was not shown to jeopardize the maintenance of soft tissue health around dental implants. 53 However, the results cannot apply to any other implant system than the system ‡ with a smooth surface used for the study. In fact, failed hydroxyapatitecoated and plasma-sprayed implants have often been related to a lack of KM. 49,51,54-56 Also, it was found that implant failure can occur as a result of a progressive soft tissue problem beginning at the gingival crevice. 50 Because the above studies investigated only one implant system at a time, it is difficult to generalize the conclusions for various implant systems. Therefore, the aim of the present study is to investigate the relationship between the presence or absence of KM and the long-term maintenance of endosseous root-form dental implants with different surfaces in humans.
MATERIALS AND METHODS
The protocol was reviewed and approved by the University of Michigan Institutional Review Board. Sixtynine patients were recruited from the department of periodontics and oral medicine at the University of Michigan School of Dentistry (U of M), Ann Arbor, Michigan, and the Misch International Implant Institute (MI), Beverly Hills, Michigan, between July 2004 and May 2005. Patients who received endosseous root-form dental implants at least 3 years prior to the study and who were willing to provide an informed consent and follow the study procedures and instructions were included in the study, whereas patients who received other forms of implants other than endosseous dental implants were excluded. After potential patients were screened by implant surgeons or hygienists, and informed consent was obtained during the maintenance appointment, each patient was clinically evaluated by a single, calibrated, masked examiner (DMC). The examiner recorded all clinical parameters including the modified bleeding index (mBI), 41 modified plaque index (mPI), 41 gingival index (GI), 57 probing depth (PD), and width of KM and immobile keratinized mucosa (i.e., attached mucosa [AM]). Following the clinical exam, the patients' dental records were reviewed to reveal dates of implant placement, types of implants and surfaces, and any significant medical history (i.e., diabetes and smoking). In addition, average annual bone loss (ABL) was calculated by evaluating periapical radiographs (PA), panoramic (PAN) radiographs, or both. Based on the amounts of KM or AM, implants were categorized as follows: 1) KM <2 mm (KL); 2) KM ‡2 mm (KU); 3) AM <1 mm (AL); and 4) AM ‡1 mm (AU). Implants were further subdivided into the following four groups based on their surface configurations: 1) SI with KM <2 mm (SKL); 2) SI with KM ‡2 mm (SKM); 3) RI with KM <2 mm (RKL); or 4) RI with KM ‡2 mm (RKM); or 1) SI with AM <1 mm (SAL); 2) SI with AM ‡1 mm (SAM); 3) RI with AM <1 mm (RAL); or 4) RI with AM ‡1 mm (RAM). The examiner remained masked until the type of implant surface was revealed, and calibration trials were conducted prior to, during, and after the study to ensure adequate intra-and interexaminer reliability. The mean k values for all parameters were 0.88, 0.92, and 0.92 before, during, and after the study, respectively.
Clinical Measurements
Probing depth was measured at four points (mesiobuccal, mid-buccal, disto-buccal, and mid-lingual) to the nearest millimeter with a pressure sensitive probe § (tip diameter: 0.45 mm; probing force: 20 gm/pressure). The PDs at four points were averaged for the purpose of analysis. The width of KM at the mid-buccal point was measured from the mucogingival junction (MGJ) to the free gingival margin to the nearest tenth millimeter using a caliper with a short 30°angled tip i (Fig. 1 ). The width of AM was calculated by subtracting PD at the mid-buccal point from the width of KM to the nearest millimeter.
Radiographic Evaluation
Radiographic evaluation was carried out on PA, PAN, or both (Fig. 2) . Changes in marginal bone were evaluated in each implant comparing radiographs taken during the 1-year follow-up with those taken at the clinical exam using the paralleling technique via a plastic film holder. ¶ The developed radiographs were scanned on a digital optical slide scanner # with an optical density (OD) of 3.4 units OD. The size of the image was standardized at 675 dots per inch with a resulting size, on average, of 940 · 620 pixels at 16 bits grayscale. The resulting digitized images of the radiographs were analyzed using computer software.** The computer software was programmed to automatically magnify the images 15·. A computerassisted calibration was carried out for each implant by evaluating the radiograph width as a reference. For each implant, the distance between the implant shoulder and the most coronal aspect of the alveolar crest at mesial (M) and distal aspects (D) was measured separately, and the mean of the two measurements was obtained. The difference between the bone losses from the initial and final radiographs for each implant was calculated for the total bone loss for that implant (BL). The total bone loss of each implant was divided by the year difference (Y D ) of the initial and final radiographs for the ABL of each implant being studied. The results were separately reported for PA (ABL [PA]) and PAN (ABL [PAN]). All assessments of peri-implant bone levels were scored by one calibrated examiner (DMC).
Statistical Analysis
A statistical software program † † was used for all statistical analyses, and data were reported as mean -SE. The x 2 test was used to evaluate the categorical clinical parameters. The Student t test and analysis of variance (ANOVA) were performed to analyze the differences for the continuous clinical parameters between the two groups and among the four subgroups, respectively. All tests were two-sided analyses, and differences were considered statistically significant when P <0.05 with the confidence level at 95%. (Table 1) Summary statistics for 69 patients from the two centers were computed and compared (Table 1) . A total of 69 patients (52 white, 12 African American, and five Asian American), 32 from U of M and 37 from MI, were recruited for the study. Twenty-eight patients were male with an average age of 55.7 -12.88 years (range: 23 to 77 years), and 41 patients were female with an average age of 65.1 -12.86 years (range: 25 to 86 years). Two patients were current smokers ( ‡ one pack per day), and six patients were diagnosed with type 2 diabetes. None of these demographic parameters showed a statistically significant difference between the groups (P >0.05).
RESULTS

Patient Demographics
Implant Demographics and Distributions (Table 2) The total of 339 root-form dental implants consisted of 87 machined-surface implants, ‡ ‡ four sand-blasted acid-etched-surface implants, § § 148 machined-surface square-thread implants, ii 15 acid-etched-surface implants, ¶ ¶ 47 titanium plasma-coated-surface implants, ## and 38 other implants.*** † † † ‡ ‡ ‡ § § § The average service time of the recruited dental implants was 8. The Effect of KM and AM on Clinical Parameters of Implants (Tables 3 through 6 ) Gingival inflammation and plaque accumulation were statistically significantly higher in KL (GI and mPI: 0.94 and 1.51, respectively) and AL (GI and mPI: 0.95 and 1.50, respectively) compared to KU (GI and mPI: 0.76 and 1.26, respectively) and AU (GI and mPI: 0.70 and 1.19, respectively). In the comparison of clinical parameters among implants restored with either fixed or removable prostheses, the presence of KM did not play a significant role (P >0.05) ( Table 5 ). With respect to implant location, posterior implants in KL (GI: 0.96) showed statistically significantly higher gingival inflammation than posterior implants in KU (GI: 0.70) (P <0.05). None of the differences in clinical parameters between anterior implants in KL and KU were statistically significant. The mean value of ABL (PAN) for anterior implants and posterior implants in KU was 0.04 mm (-0.01) and 0.14 mm (-0.04), respectively (Table 6 ). This difference was statistically significant. The Significance of Implant Surface and KM or AM on Clinical Parameters KM <2 or ‡2 mm ( Table 7) . The complete clinical parameter comparison among the four subgroups is shown in Table 7 . In general, the soft tissue profile in the SKL group was less stable than in other groups. The differences in GI and mPI between SKL (GI and mPI: 1.50 and 2.30, respectively) and the other three groups (GI and mPI in SKM, RKL, and RKM: 0.93 and 1.51, 0.77 and 1.30, and 0.71 and 1.19, respectively) reached statistical significance at P <0.05, whereas ABL, mBI, and PD among the four groups were not statistically significant (P >0.05). A trend of higher GI and mPI in RKL (GI and mPI: 0.77 and 1.30, respectively) than RKM (GI and mPI: 0.71 and 1.19, respectively) was noted, but the difference between the two groups was not statistically significant, indicating a less significant role of KM in RI compared to that in SI (P >0.05). AM <1 or ‡1 mm (Table 8) . To analyze the effect of AM on the clinical parameters of implants with different surfaces, implants were grouped based on the presence of AM. In the comparison of SAL (GI and mPI: 1.44 and 2.09, respectively) and SAM (GI and mPI: 0.82 and 1.40, respectively), the difference in GI and mPI reached statistical significance at P <0.05, whereas the difference in ABL, ABL (PA), mBI, and PD did not reach statistical significance (P >0.05). The results demonstrated that the presence of AM is significantly associated with less gingival inflammation and plaque accumulation in RI, indicated by higher GI, mPI, and PD in RAL (GI, mPI, and PD: 0.81, 1.33, and 3.05, respectively) than in RAM (GI, mPI, and PD: 0.67, 1.13, and 2.87, respectively) (P <0.05). When SAL and RAL were compared, the difference in GI, mPI, and PD reached statistical significance at P <0.05, unlike the other variables.
DISCUSSION
The need for KM and AM for the maintenance of osseointegrated endosseous dental implants has been controversial and remains to be revealed. Interestingly, studies that advocated the need for KM around dental implants have investigated implants with rough surfaces. 49, 51, [54] [55] [56] On the other hand, the studies that have questioned the need for KM around dental implants have examined only implants with smooth surfaces. 53, 58, 59 Because the studies investigated only one implant system at a time, it is difficult to generalize the conclusions for different implant systems. Therefore, the present study was performed to investigate the significance of KM in the maintenance of root-form dental implants with various surfaces. The results from the present study indicated that the amounts of average ABL were not influenced by amounts of KM/AM or type of implant surface configurations (smooth versus rough surfaces). When the implants were broken down into four subgroups based on the amounts of KM/AM and their surface characteristics, bone loss was observed even in the presence of KM or AM, regardless of their amounts and types of implant surface. In the analysis of the average ABL among the four subgroups using periapical radiographs, the greatest amount of bone loss was found in RKL and RAL compared to the three other subgroups. These results suggest that the presence of KM/AM may be more important to prevent bone loss around RI during their maintenance. This corresponds well with a meta-analysis that reported 20% less periimplantitis in SI compared to RI. 60, 61 Moreover, an experimental study using dental implants with a titanium plasma spray coating showed that the absence of KM increased the susceptibility of the peri-implant region to peri-implantitis. 56 However, the differences observed in the present study failed to reach statistical 
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Chung, Oh, Shotwell, Misch, Wang significance (P >0.05), confirming the earlier finding by Wennström et al. 53 that the absence of adequate keratinized/attached mucosa has little to no impact on alveolar bone level.
Although the presence of KM or AM is not a critical factor in reducing average ABL, it appears to be significantly advantageous in reduction of gingival inflammation and plaque accumulation. When dental implants were dichotomously categorized into KL (or AL) and KU (or AU), GI and mPI were statistically significantly higher in KL (0.94 and 1.51) and AL (0.95 and 1.50) than in KU (0.76 and 1.26) and AU (0.70 and 1.19), respectively. Similarly, a comparison of clinical parameters among the four subgroups revealed less gingival inflammation and plaque accumulation in the implants with more KM (SKM and RKM) and AM (SAM and RAM) than in implants with less KM (SKL and RKL) and AM (SAL and RAL) (P <0.05). In a retrospective cross-sectional study 53 using the frequency of GI scores, Wennström et al. reported that KM does not significantly influence oral hygiene status and soft tissue health. The different results between the two studies might have resulted from different methods of data collection and analyses, including 1) measurement of KM by a caliper versus a periodontal probe and 2) reporting GI by mean versus frequency of scores. Whether more gingival inflammation and plaque accumulation in SKL, RKL, SAL, and RAL compared to their counterparts will lead to more bone loss is outside the scope of the current retrospective cross-sectional study. In clinical periodontology, greater gingival inflammation and plaque accumulation are often associated with more attachment and bone loss. 62 To investigate the relationship between gingival condition and bone loss, randomized controlled clinical trials are needed. Our study also evaluated the effect of KM on the long-term maintenance of dental implants with regard to the type of implant prostheses (fixed versus removable) and the location of implant placement (anterior versus posterior). The results suggested that the amounts of KM were not significantly correlated with any clinical parameters of implants restored with either fixed or removable prostheses (P >0.05). On the other hand, the presence of KM was shown to be significantly advantageous in maintenance of soft tissue health in posterior implants, indicated by higher GI score in posterior implants without adequate amount of KM (0.96) than those with adequate amount of KM (0.70) (P <0.05). An interesting finding was that the average ABL (PAN) in posterior implants was 3.5-fold higher (0.14 mm versus 0.04 mm) than that in anterior implants (P <0.05) in the presence of an adequate amount of KM. Our results suggest that the location of implants may be more important than the presence of KM in the maintenance of hard tissue around the implants. In fact, previous studies have shown higher failure rates in posterior implants than in anterior implants, usually attributing the differences to quality and quantity of bone, implant size (i.e., length and diameter), and loading conditions but not KM. [63] [64] [65] To our knowledge, this is the first study to compare the significance of KM or AM in the maintenance of dental implants with smooth or rough surfaces. As numerous dental implants have been placed and used in the last three decades, a number of new questions have been raised. The results from the current study suggest that the presence of KM or AM is not a critical factor in the maintenance of osseointegrated implants with respect to their surface configurations, locations, and types of prostheses in the state of health.
The present study was a retrospective cross-sectional clinical investigation leading to several inherent limitations. First, causality could not be established. In the current study, initial amounts of KM or AM and bone level at baseline were missing. Secondly, there were many variables (e.g., smoking versus nonsmoking) that could not be controlled. Therefore, it is difficult to conclude whether the lack of KM or AM caused more bone loss or vice versa. Nonetheless, the current study provided essential information to understand the influence of KM/AM on the long-term maintenance of implants with different surfaces.
CONCLUSIONS
Within the limitations of this study, the absence of an adequate amount of KM or AM around endosseous dental implants was not associated with more bone loss, regardless of their surface configurations. Randomized controlled clinical trials are needed to confirm the results obtained in this retrospective clinical study.
